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Gulliver (1875) made an extensive study of the size of the red cells in verte-

brates, extending over a period of years. Cullen (1903) gives values for the skate

and dogfish, while Cleland and Johnston (1912) reported a considerable series,

especially birds. Although Wintrobe (1961) tabulated the results of many investi-

gators on red cell size, there have been relatively few reports of new red cell

measurements and many species remain unreported.
The size and shape of red cells gives an indication of the surface available for

the exchange of gases in respiratory functions. Study of erythrocytes in many dif-

ferent species provides an interesting comparison of red cell size in relation to

activities and habits. While collecting specimens for adrenal studies, we were

frequently able to make fresh blood smears from the animals. These were air-dried

and later stained and studied. The material was obtained in Panama and the

United States.

MATERIALS ANDMETHODS

Blood smears were made immediately after the death of the animal. These were

air-dried promptly and stored until prepared for study in the laboratory. Staining

was carried out under controlled conditions. Five drops of standard Wright's stain

were allowed to remain on the slide for one minute before addition of a pH 6.5

buffer. The slide was allowed to stand for five minutes at room temperature and

then washed with distilled water for 30 seconds and allowed to dry.

Ten cells on each slide, selected for excellence of staining and internal cytology,

were measured by means of a calibrated eyepiece used in conjunction with an oil-

immersion objective. In this way ten measurements of maximum cell width and

length, as well as nuclear width and length, were made. The ratios of cytosome

length to width and nucleus length to width have been calculated. This is a

measure of cell and nuclear deviation from the spherical shape.

Erythrocytes of eight species among seven families of fishes, five species among
five families of Amphibia, and thirty-three species among seven families of reptiles

were measured (Table I ). When measurements were made of only one individual

of a species, the standard error of values for the different cells is shown. When

1 Fishes were collected at the Marine Biological Laboratory, Woods Hole, Massachusetts.

Other material was obtained in Ohio ; in Florida with the Archbold Biological Station as a base ;

and in Panama under the auspices of the Smithsonian Institution. We are indebted to Richard

Archbold for his assistance, to Dr. Carl Johnson for the use of the Juan Mina Field Station of

the Gorgas Memorial Institute and to Alois Hartmann for facilities near Volcan in West

Panama.
83



M F. A. HARTMANAND M. A. LESSLF.R

TABLE I

Erythrocyte measurements in fishes

Family an<l species
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shows little range (1.11 to 1.37), the width being somewhat less than the

length.

The tailed Amphibia possess by far the largest erythrocytes observed in our

study (56 it to 65 /A by 37 p. to 38 /x) while the erythrocytes of the anurans is one-half

this size or smaller (19 //,
to 28 p. by 13

//.
to 15 /A) (Table II). The ratio of length

to width in the cytosomes is 1.5 or larger. The ratio of length to width in the

nuclei is of similar range.

Among the reptiles, in the one species of crocodilids studied, the cytosome and

nuclear measurements are similar to those in elasmobranchs except that the ratios

of length to width in the cytosomes and nuclei are greater (Table III). In the

lizards there are considerable differences. Reptilian red cell lengths range from

TABU; III

Erythrocyte measurements in a crocodilian and in lizards

Family and species
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of fishes range from 7.3 /. to 13.8 p.
in clianu'ter. The largest capillaries are found

in the elasinobranchs and the smallest among the bony fishes. The capillaries

of Amphibia would range from 12.5 p. to 13.4 p.,
while those of reptiles would range

from 7.5 p,
to 13.S //.

The smallest are found in the lizards.

DISCUSSION

Cvtosonic size

Since the erythrocyte is the most important carrier of oxygen and carbon

dioxide, its surface area to size ratio is a determining factor in the exchange of these

TABI.K 1Y

Erythrocyte measurements in snakes and turtles

Family and species
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In mammals the non-nucleated disc-shaped red cells have diameters from 5 /x

and 6 /x (horse, cow, pig, mouse and rat) to about 7.5 ft (chimpanzee, woodchuck

and llama) (Wintrobe, 1961). In birds the nucleated elliptical erythrocytes have

size ranges from 10.7 /* by 6.1 /x to 15.8 it by 10.2 /x (Hartman and Lessler, 1963).

The red cell count in poikilotherms is low. Counts of 70,000 to 390,000 per
mnv;

in elasmobranchs ; 780,000 to 1,490,000 in bony fishes; 20,000 to 440.000 in

Amphibia ; 560,000 to 1,050,000 in reptiles have been reported. In homiotherms, the

red cell count in birds ranges between 1,930,000 and 3,690,000 per mm.3 and in

mammals it is much more variable, ranging from 6,300,000 per mm.3 in the

chimpanzee to 18,000,000 per mm.3 in the llama (Wintrobe, 1961 I.

Cleland and Johnston (1912) measured the erythrocytes in Australian verte-

brates. By far the largest erythrocytes they reported were found in the lung fish,

Ccratodns (39 /* by 25 /x). The elasmobranch erythrocyte sizes they reported are

similar to our measurements, as are the teleost erythrocytes, except those of

Tcrapion which are quite small (6 /x
to 7 ti by 6 /x to 7 /x). The erythrocytes of

the lizards Cleland and Johnston measured showed a somewhat greater range in

size than our measurements, but their other reptile erythrocyte measurements arc-

similar to those of our specimens.

Nuclei

In all fish erythrocytes the nuclei are shorter in proportion to their width than

are the cytosomes. In the amphibian erythrocyte nuclei there is usually little dif-

ference in these ratios. This is also true in one turtle and in Cayman. In lizards,

six out of ten species possessed relatively rounder nuclei than cytosomes, while in

snakes all but four species had nuclei longer than the cytosomes. Nuclei were

relatively longer than the cytosomes in all but six species of birds, being shorter

in four and doubtful in two (Hartman and Lessler, 1963). Longer nuclei could

offer a somewhat greater surface for exchange with the cytoplasm. This may be a

significant factor in nuclear-cytoplasmic exchange. Actually the role of the nucleus

in red cell function of the many species with nucleated erythrocytes has never been

determined.

SUMMARY

Measurements of erythrocytes and their nuclei were made in 8 species of fishes.

5 species of Amphibia, and 33 species of reptiles. The cytosomes of elasmobranchs

are almost twice the size of those in teleosts, being 19 /x
to 20 /x by 12 /x to 14 />. The

cytosomes of Opsamts and Lophlits are almost as wide as long, while in other fishes

they are much longer than wide. The cytosome measurements in the two anurans.

Hyla and Bujo, are similar to those in elasmobranchs while those in Rana are

larger. Cytosomes in the crocodile, turtles and some lizards are also similar in

size to those in the elasmobranchs. The cytosomes of snakes are large (15.5 /x to

23 /x), those of Bothrops being the largest of all reptiles studied. Based on the

assumption that the least diameter of the erythrocyte indicated the minimal diameter

of the capillaries, the largest capillaries are found in the elasmobranchs and the

smallest in the teleosts.
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